In this paper there is an attempt to develop an elegant controlling strategy to stabilize flexible rotors having flexural modes. Initially, the possible causes of instability in a rotor system due to internal damping through mathematical formulation are discussed. The threshold or the critical speed was derived beyond which the rotor became unstable. The stabilizing algorithm was designed by keeping the overall control law mathematically simple such that minimum numbers of sensors were used and deployed. Actuators were properly selected such that control and stabilization was practically possible for rotors of such low diameters. Bond graphs were used to model the rotor system having flexural modes. As bond graphs act as a portrayal of power and information exchange within the system and with external environment, bond graphs may give a better clue for modeling such systems. The real challenge in this work lies in the proposal of control strategy in stabilizing non-rigid rotors having flexible modes. Mathematical simplicity of the proposed control algorithms is considered for its easy deployment. The Simplest Beam model the Euler-Bernoulli beam is considered.
NOMENCLATURE
ith and jth mode of frequency y(x, t)
Vertical displacement beam
INTRODUCTION
Destabilizing effect is very common phenomena in rotating or gyrating systems. Rotors at speeds higher than certain threshold values become unstable due to rotating damping forces generated by dissipation in rotor material. The causes of instability of rotor systems due to internal damping was addressed by several authors. [1] [2] [3] [4] [5] [10] [11] [12] Interestingly, several attempts were made earlier to stabilize such systems. Authors have shown that how anti-symmetric transformation matrices were responsible for creating these instabilities. Although the current methods in practice are quite effective for large-or medium-size rotors, these may not be suitable for small-, mini-, or micro-size rotor systems. There have been considerable efforts in the past to stabilize rotors with large diameters using conventional control algorithms like sliding mode or adaptive control techniques, but due to complexity in the control algorithm or lack of information on the type of disturbance model, the overall design has become too complicated for real time implementation of such systems. Some papers based on conventional control methods to stabilize rotors essentially with large diameters with flexible modes are worth mentioning. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] This paper benefits from handling the control law equation with minimum complexity such that deployment of control law in real time would be simple. The real challenge in this work lies in the proposal of a stabilizing strategy that could arrest instability caused due to modal spillover. One may consider an Euler-Bernoulli beam model and then orthogonal separation of various modal components of a uniform beam can be done. Thereafter, each flexural mode was modeled by using Bond graphs and finally integrated into a single model. For modeling
